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ABSTRACT 
 
 Renewable energy resources are being explored as a respond to the 
diminishing fuel and fossil energy. One form of renewable energy is ocean current 
which requires horizontal and vertical axis turbines for its energy extraction. 
Savonius turbine is a vertical axis marine current turbine that has been found to suit 
the application in shallow water and low current speed of Malaysian seas.  This 
turbine however has a very low mechanical efficiency. The purpose of this research 
is to improve the performance of the turbine. This research starts with a comparison 
of initial simulation data with previous work so that further simulation steps are 
reliable. The analysis was carried out using Computational Fluid Dynamic (CFD) 
ANSYS software. With its dimension limited to Malaysia sea characteristics and 
other consideration, a 1.67m height turbine was used for simulation and model 
construction for experiment. Parametric studies were carried out during the 
simulation steps focussing on the outer structure optimization of a plate or guide 
vane. The conventional shape of two stage Savonius rotor with overlap ratio of 0.21 
and 90° phase angle difference was used. The effect of water speed to the incoming 
turbine was investigated. The used of a duct shows an improvement on the water 
speed, but it has very small effect to the rotor efficiency. However, the used of a 
plate at certain angle and distance from the turbine increase the rotor performance. It 
was also shown two plates are better than one, leading to a 25.6 percent increase of 
efficiency. For validation purpose, a 1:2.4 scale model was constructed from 
composite material and tested in Universiti Teknologi Malaysia Marine Technology 
Centre. This experimental work is to validate the simulation results of the two 
deflectors. The pattern of improvement is similar between numerical and 
experimental, although the quantitative differences of Coefficient of Performance 
range from 4 to 30%. This is sufficient to validate that the results of this project are 
acceptable, hence the Savonius rotor have been significantly improved.  
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ABSTRAK 
 
 Sumber tenaga boleh diperbaharui dikaji berpunca dari bahan api dan tenaga 
fosil yang semakin berkurang. Salah satu bentuk tenaga boleh diperbaharui adalah 
arus lautan yang memerlukan turbin paksi mendatar dan menegak untuk mengekstrak 
tenaganya. Turbin Savonius adalah turbin paksi menegak marin yang didapati sesuai 
dipasang pada kelajuan air yang rendah dan perairan Malaysia yang cetek. Turbin ini 
bagaimanapun mempunyai kecekapan mekanikal yang sangat rendah. Tujuan kajian 
adalah untuk meningkatkan prestasi turbin. Kajian bermula dengan perbandingan 
data awal simulasi dengan kerja sebelumnya supaya simulasi selanjutnya boleh 
dikira tepat. Analisis dijalankan menggunakan perisian Computational Fluid 
Dynamic (CFD) ANSYS. Dengan dimensinya terhad pada ciri-ciri laut Malaysia dan 
pertimbangan lain, turbin setinggi 1.67m digunakan untuk simulasi dan pembinaan 
model untuk ujikaji. Kajian parametrik dibuat dalam simulasi dengan tumpuan diberi 
kepada penambahbaikan struktur luar plat. Bentuk konvensional dua peringkat 
Savonius dengan nisbah pertindihan 0.21 dan 90 ° sudut fasa perbezaan bagi setiap 
peringkat digunakan. Kesan kelajuan air pada kemasukan turbin dikaji. Penggunaan 
‘Duct’ menunjukkan peningkatan pada kelajuan air, tetapi kesan yang sangat kecil 
pada kecekapan. Bagaimanapun, plat pada sudut dan jarak tertentu dari turbin, 
meningkatkan prestasi pemutar. Dua plat adalah lebih baik daripada satu, membawa 
pada peningkatan 25.6 peratus daripada kecekapan. Untuk kerja-kerja pengesahan 
1:2.4 skala model telah dibina daripada bahan komposit gentian kaca dan diuji di 
Pusat Teknologi Marin, Universiti Teknologi Malaysia. Kerja-kerja ujikaji adalah 
untuk mengesahkan keputusan simulasi bagi dua plat. Corak peningkatan adalah 
sama antara berangka dan simulasi walaupun dari sudut perbezaan kuantitatif pekali 
prestasi adalah antara 4 hingga 30%. Ini adalah memadai untuk mengesahkan 
bahawa hasil projek boleh diterima, dengan menyimpulkan yang turbin Savonius 
telah meningkat kecekapannya. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Background 
 
Conventional energy such as coal, oil and natural gas is proven very efficient 
and productive. This energy however gives a bad effect and damaging the 
environment and human health (Herzog et al., 2001). Furthermore, the energy may 
run out after another years of exploration. As an option, renewable energy sources 
such as solar energy, wind energy, biomass, geothermal and water energy recently 
developed over these years. Renewable energy is a new field of exploration that 
seems promising as the energy will continuously been produced. As matter of fact it 
is very environment friendly which helps to conserve the eco system of a population. 
Renewable energy is easy to find and utilized. The only problem lies in the 
technology of the energy extraction itself. Most of the renewable energy extraction 
technology is in development level. The applications were also built in small scale 
production.  
 
Despite on technology development, another form of renewable energy which 
is still new is ocean energy. Since the world is formed by 2/3 of water or ocean, there 
is a lot of possible exploitable area. Ocean energy produces several types of energy 
such as wave energy, tidal energy, ocean thermal energy and salinity gradient energy. 
These energies that came from ocean are beneficial to organization if effectively 
utilized. Wave energy is captured by devices that are stationary or move up and 
down with the frequency of waves. For ocean thermal it depends on the differences 
occurred between ocean temperatures. While the salinity difference located at the 
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meeting place between ocean and fresh water. Lastly, tidal energy generally came 
from the gravitational pull of the moon and sun. Tidal current moves in two 
directions and reverses four times per day. Figure 1.1 shows the potential area 
location of tidal ocean energy extraction globally. From figure, Asian region 
specifically Malaysia seas suffer from a low tidal energy generation. At some period 
of time, tidal current in Malaysia is at its highest with average differences between 
low and high tide is between 2.5 to 3.0 meters (Yaakob et al., 2006). Both peninsular 
and east Malaysia is surrounded by ocean and it will be such a waste if this natural 
source of energy is left untapped without any usage. Since this source is predictable 
and high intense, it has a great potential to be explored on a large scale (Akwensivie, 
2004). These advantages have given it the priority to be selected and developed in 
Malaysia as a new energy source. 
 
 
Figure 1.1 Global distribution of mean tidal range courtesy (NREL, 2009) 
 
Marine current turbine is a device used to extract this tidal energy. As 
mentioned before, this is a new area of interest. Most of the turbines built and 
developed were used in wind turbine application. Later, these turbines are 
implemented in water or ocean. Since the density of water is 816 times bigger than 
air density, power produce by water is bigger. The size for turbine under water also 
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can be reduced because of the large density differences. Fluid current turbines can be 
classified according to the orientation of the rotating axis. A horizontal axis turbine is 
an axial flow rotor which is favoured generally for wind turbines application. The 
cross flow rotor or vertical axis turbines are either of drag or lift designs. Another 
alternative, the reciprocating device has also been developed. In marine application, 
horizontal axis turbine is called horizontal axis marine current turbine (HAMCT) 
while vertical axis turbine is VAMCT. Figure 1.2 shows the performance of existing 
horizontal and vertical axis turbines for wind application (Akwa et al., 2012). Since 
the performance coefficient Cp is dimensionless, the value can be taken for further 
analyses and comparison purposes. 
 
 
Figure 1.2 Characteristic curves of Cp averaged as a function of tip speed ratio 
(TSR), λ for various wind turbines (Akwa et al., 2012) 
 
Figure 1.2 shows several Cp of horizontal and vertical types of turbine that 
existed in wind turbine application. From figure, horizontal axis turbines indicate the 
highest performance forming a range of 0.3 to 0.45 Cp. There are only two vertical 
turbines presented in the figure, Savonius and Darrieus with both having 0.18 and 
0.35 of highest efficiencies respectively. Darrieus turbine utilized high tip speed 
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ratio, λ for maintaining its maximum performance while Savonius at lower TSR 
value of 0.7. From water turbine application point of view, the efficiency of vertical 
axis turbine depends on its current speed and water depth. For the turbine to work the 
ideal current speed is at least 2 m/s (4 knots) obtained from prototypes that have been 
developed and tested by other researchers in other countries. The average current in 
Malaysia is 1 m/s (2.0 knots), which is exactly half of the speeds of turbine that has 
been developed. Malaysia water depth is in the range of 15-30 m (Suprayogi, 2010). 
Vertical axis turbine is more suitable to be used in this shallow water depth. The 
generator and energy monitoring system can be placed above the water. Thus, there 
are significant costs savings in design, build and maintenance. It also reduces other 
losses directly if vertical turbine is used.  
 
1.2 Problems Statement 
 
Savonius rotor is a rotor that has a high starting capability which is suitable 
for a low speed flow. For a low speed experienced by Malaysia seas, Savonius rotor 
is the best selection of vertical type turbine than others. In previous work (Yaakob et 
al., 2013), the simplicity of operation VAMCT Savonius can offer greater cost 
effectiveness in power generation. The problem however shows that the efficiency of 
power produced was very low. The use of Savonius rotor in marine current flow in 
Malaysian water ways specifically needed to be improved. The power produced is 
low because of the low water speed entering the turbine. 
 
Savonius vertical marine current turbine will be improved by developing 
ways to improve the efficiency and increase the RPM of the present turbine. The 
RPM can be increased by using flaps, guide vanes, duct or any other outer added 
structure as the accelerator. Therefore, some modification must be made on the 
current speed or the turbine itself, or both to enable the turbine to work efficiently in 
low current speed. Hence, this project mainly focuses on developing an efficient 
rotor of Savonius vertical axis marine current turbine (VAMCT) to match the 
Malaysian ocean characteristics. 
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1.3 Objectives 
 
The goal of this project is to improve the efficiency of Savonius turbine in low 
current speed application. Specifically the objectives of this project are as follows: 
 
1. To determine optimum parameters in improving the incoming water 
characteristics of Savonius rotor Vertical Axis Marine Current Turbine at low 
velocity using Computational Fluid Dynamics (CFD) analysis.    
2. To improve Savonius rotor Vertical Axis Marine Current Turbine coefficient of 
performance (Cp) with combination to external or additional structure by using 
CFD simulation and experimental validation.  
 
1.4 Scope of Project 
 
The scope of the project consists of the following: 
 
1. Performing literature review on marine current energy resources, prototypes of 
VAMCT that have been developed by other researchers and study of venturi 
effect to a flow. 
2. Determination of a suitable shape, size and number of deflector to place upon the 
rotor, developing deflector using Computational Aided Design (CAD) software 
and analysing the designs using Computational Fluid Dynamic (CFD) software. 
3. Analysing developed Savonius rotors using CFD software in two different 
conditions; ‘without deflector’ condition, and ‘with deflector’ condition and 
calculating their performance. 
4. Analysing developed Savonius rotors using CFD software in others condition 
include duct or guide vane. 
90 
 
 
REFERENCES 
 
(NREL), National Renewable Energy Laboratory N.R.E.L.(2009). Ocean Energy 
Technology Overview. In Energy Efficiency and Renewable Energy. Retrieved 
February 11, 2013, from http://www.nrel.gov/docs/fy09osti/44200.pdf 
Akwa, J. V., Alves da Silva Júnior, G., & Petry, A. P. (2012). Discussion on the 
Verification of the Overlap Ratio Influence on Performance Coefficients of a 
Savonius Wind Rotor using Computational Fluid Dynamics. Renewable Energy, 
38(1), 141–149. doi:10.1016/j.renene.2011.07.013 
Akwa, J. V., Vielmo, H. A., & Petry, A. P. (2012). A Review on the Performance of 
Savonius Wind Turbines. Renewable and Sustainable Energy Reviews, 16(5), 
3054–3064. doi:10.1016/j.rser.2012.02.056 
Akwensivie, F. (2004). In The Wake of a Marine Current Turbine (Master's Thesis). 
Retrieved from 
http://www.esru.strath.ac.uk/Documents/MSc_2004/akwensivie.pdf 
Alexander, A. J., & Holownia, B. P. (1978). Wind Tunnel Tests On a Savonius 
Rotor. Journal of Industrial Aerodynamics, 3, 343–351. doi:10.1016/0167-
6105(78)90037-5 
Altan, B. D., & Atılgan, M. (2008). An Experimental and Numerical Study on the 
Improvement of the Performance of Savonius Wind Rotor. Energy Conversion 
and Management, 49(12), 3425–3432. doi:10.1016/j.enconman.2008.08.021 
Aziz, A. A. (2010). Development of a Ducted Horizontal Axis Marine Current 
Turbine Rotor (Published master's thesis). Universiti Teknologi Malaysia, 
Skudai, Johor, Malaysia. 
Elmabrok, A. M. (2009). Estimation of the Performance of the Darrieus-Savonius 
combined machine. Proc. Ecol. Vehicles Renewable Energies, Monaco.  
FLUENT 6.3 User's Guide - 25.3.3 Evaluation of Gradients and Derivatives. (2006, 
September 20). Retrieved February 6, 2012, from 
http://aerojet.engr.ucdavis.edu/fluenthelp/html/ug/node994.htm  
FLUENT 6.3 User's Guide - 25.9.2 Setting Under-Relaxation Factors. (2006 
September 20). Retrieved February 6, 2012, from 
http://aerojet.engr.ucdavis.edu/fluenthelp/html/ug/node1022.htm 
91 
 
Ghatage, S. V., & Joshi, J. B. (2012). Optimisation of vertical axis wind turbine: 
CFD simulations and experimental measurements. The Canadian Journal of 
Chemical Engineering, 90(5), 1186–1201. doi:10.1002/cjce.20617 
Golecha K., Eldho, T. I., & Prabhu, S. V. (2012). Performance Study of Modified 
Savonius Water Turbine with Two Deflector Plates. International Journal of 
Rotating Machinery, 2012(2012), 1-12. doi:10.1155/2012/679247 
Gupta, R., Das, R., & Sharma, K. K. (2006, April). Experimental study of a 
Savonius-Darrieus wind machine. In Proceedings of the International 
Conference on Renewable Energy for Developing Countries, University of 
Columbia, Washington DC.  
Hayashi, T., Li, Y., & Hara, Y. (2005). Wind Tunnel Tests on a Different Phase 
Three-Stage Savonius rotor. JSME International Journal Series B, 48(1), 9–16. 
Herzog, A. V., Lipman, T. E., & Kammen, D. M. (2001). Renewable energy sources. 
Encyclopedia of Life Support Systems (EOLSS). Forerunner Volume-
‘Perspectives and Overview of Life Support Systems and Sustainable 
Development.  
Singleton Jr, J., & Lachance-Barrett, S. (2010, February 8). FLUENT - Unsteady 
Flow Past a Cylinder. Retrieved November 12, 2012, from 
https://confluence.cornell.edu/display/SIMULATION/FLUENT - Unsteady 
Flow Past a Cylinder 
Kamoji, M. A., Kedare, S. B., & Prabhu, S. V. (2009). Experimental Investigations 
on Single Stage Modified Savonius Rotor. Applied Energy, 86(7-8), 1064–1073. 
doi:10.1016/j.apenergy.2008.09.019 
Kamoji, M. A., Kedare, S. B., & Prabhu, S. V. (2008). Experimental Investigations 
on Single Stage , Two Stage and Three Stage Conventional Savonius Rotor. 
International Journal of Energy Research, 32(January), 877–895. 
doi:10.1002/er 
Khan, M. N. I., Iqbal, M. T., Hinchey, M., & Masek, V. (2009). Performance of 
Savonius Rotor as a Water Current turbine. The Journal of Ocean Technology, 
4(2), 71–83. 
Kyozuka, Y. (2008). An Experimental Study on the Darrieus-Savonius Turbine for 
the Tidal Current Power Generation. Journal of Fluid Science and Technology, 
3(3), 439–449. doi:10.1299/jfst.3.439 
Lee, K. S., & Seng, L. Y. (2009). Simulation Studies on the Electrical Power 
Potential Harnessed by Tidal Current Turbines. Journal of Energy and 
Environment, 1(1), 18–23. 
Menet, J.-L. (2004). A double-step Savonius Rotor for Local Production of 
Electricity: A Design Study. Renewable Energy, 29(11), 1843–1862. 
doi:10.1016/j.renene.2004.02.011 
92 
 
Menet, J.-L., & Bourabaa, N. (2003). Increase The Savonius Rotor Efficiency Via a 
Parametric Investigation. In National School of Engineering EComputer 
AutoAUTO Mechanics Electronic Energetic Valencienne (p. 11). 
Michalcov, V., & Kotrasov, K. (2012). Influence of Numerical Diffusion on 
Exactness of Calculation. Series 1: Engineering Sciences, 5(1), 99–106. 
Mohamed, M. H., Janiga, G., Pap, E., & Thévenin, D. (2010). Optimization of 
Savonius Turbines Using an Obstacle Shielding the Returning Blade. 
Renewable Energy, 35(11), 2618–2626. doi:10.1016/j.renene.2010.04.007 
Mohamed, M. H., Janiga, G., Pap, E., & Thévenin, D. (2011). Optimal Blade Shape 
of a Modified Savonius Turbine using an Obstacle Shielding the Returning 
Blade. Energy Conversion and Management, 52(1), 236–242. 
doi:10.1016/j.enconman.2010.06.070 
Molloy, S., Alidadi, M., Thomas, V. M., & Seto, M. (2011). Design and Testing of a 
Tidal Current Power Extraction Device. Second International Symposium on 
Marine Propulsors SMP’11, Hamburg, Germany. 
Nakajima, M., Iio, S., & Ikeda, T. (2008). Performance of Double-step Savonius 
Rotor for Environmentally Friendly Hydraulic Turbine. Journal of Fluid 
Science and Technology, 3(3), 410–419. doi:10.1299/jfst.3.410 
Ogawa, T., Tahara, K., & Suzuki, N. (1986). Wind Tunnel Performance Data of the 
Savonius Rotor with Circular Guide Vanes. The Japan Society of Mechanical 
Engineers, 29(253), 2109–2114. 
Peric, M. (1997). Numerical methods for computing turbulent flows. Lecture Series-
Von Karman Institute For Fluid Dynamics, 5-5. 
Rabah, K. V. O., & Osawa, B. M. (1996). Design and field testing Savonius wind 
pump in East Africa. International Journal of Ambient Energy, 17(2), 89-94.  
Rathi, D. (2012). Performance Prediction and Dynamic Model Analysis of Vertical 
Axis Wind Turbine Blades with Aerodynamically Varied Blade Pitch. (Master's 
Thesis). Retrieved from 
http://repository.lib.ncsu.edu/ir/bitstream/1840.16/8079/1/etd.pdf 
Sheldahl, R. E., Feltz, L. V., & Blackwell, B. F. (1978). Wind tunnel performance 
data for two-and three-bucket Savonius rotors. Journal of Energy, 2(3), 160-
164. doi: 10.2514/3.47966 
Suprayogi, D. T. (2010). Savonius Rotor Vertical Axis Marine Current Turbine for 
Renewable Energy Application (Published master's thesis). Universiti Teknologi 
Malaysia, Skudai, Johor, Malaysia. 
Ushiyama, I., Nagai, H., & Shinoda, J. (1986). Experimentally Determining the 
Optimum Design Configuration for Savonius Rotors. The Japan Society of 
Mechanical Engineers, 29(258), 4130–4138. 
93 
 
Wakui, T., Tanzawa, Y., Hashizume, T., & Nagao, T. (2005). Hybrid Configuration 
of Darrieus and Savonius Rotors for Stand-Alone Wind Turbine-Generator 
Systems. Electrical Engineering in Japan, 150(4), 13–22. 
doi:10.1002/eej.20071 
Yaakob, O. B., Suprayogi, D. T., Abdul Ghani, M. P., & Tawi, K. B. (2013). 
Experimental Studies on Savonius-type Vertical Axis Turbine for Low Marine 
Current Velocity. International Journal of Engineering, 26(1 (A)), 91–98. 
doi:10.5829/idosi.ije.2013.26.01a.12 
Yaakob, O., Ab Rashid, T. T., & Mukti, M. A. (2006, August). Prospects for ocean 
energy in Malaysia. In International Conference on Energy and Environmental 
(ICEE), Kuala Lumpur (pp. 28-30).  
Zadravec, M., Basic, S., & Hribersek, M. (2007). The influence of rotating domain 
size in a rotating frame of reference approach for simulation of rotating impeller 
in a mixing vessel. J Eng Sci Technol, 2(2), 126-138.  
